Background: Parkinson's disease (PD) is a progressive neurodegenerative disease that occurs as a result of loss of dopaminergic neurons from the substantia nigra. Rotigotine is a non-ergolinic dopamine agonist available as a silicone-based transdermal patch for the treatment of PD. In the European Union, rotigotine transdermal patch is indicated for use as monotherapy in early idiopathic PD, or in combination with levodopa through the disease course to the late stages where motor complications with levodopa become an issue. Objective: To investigate the safety and tolerability of transdermal rotigotine, in patients with PD being treated during routine clinical practice for 2 years. Results: 114 patients were enrolled, and evaluated for adverse events over a 24-month period. Adverse events occurred in 39 patients (34.21%). 23 patients (20.17%) reported application site reactions (dermatitis, erythema, itching), and 16 (14.03%) had systemic adverse events. Sleep disorders were the most common problem; the others were hallucinations, depression, dizziness, and syncope. No patient experienced dyskinesia. Adverse events necessitated the discontinuation of rotigotine for application site reactions in fourteen patients (12.28%) and 11 patients (9.64%); reasons for discontinuation were systemic adverse events. Conclusion: Rotigotine is safe and well tolerated when used to treat PD in routine clinical practice.
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gic neurons from the substantia nigra [1] [2] . Rotigotine (Neupro ® ) is a non-ergolinic dopamine agonist available as a silicone-based transdermal patch for the treatment of PD. In the European Union, rotigotine transdermal patch is indicated for use as monotherapy in early idiopathic PD, in a maximal dose of 8 mg/24h or in combination with levodopa through the disease course to the late stages where motor complications with levodopa become an issue until a maximum dose of 16 mg/24 h [3] . Patches are available which deliver nominal dosages of 2, 4, 6 or 8 mg over a 24-hour period. The transdermal delivery system maintains a stable drug release profile allowing for a steady-state plasma concentration of rotigotine while the patch is applicated.
Multiple data of clinical trials indicate that rotigotine remains well tolerated over treatment periods of up to 6 years [4] - [7] . The objective of this study was to characterize the safety and tolerability of transdermal rotigotine in patients with PD being treated during routine management in a clinical hospital for up to 2 years.
Methods
Study Design
This prospective, observational, single-centre study was conducted at Hospital Povisa, Vigo, Spain from October 2010 to April 2012. Consecutive patients with an existing diagnosis of PD [8] who fulfilled the inclusion and exclusion criteria and who had a routine hospital medical visit during the recruitment period (2 years) were approached to participate in the study. Exclusion criteria were: secondary parkinsonism, dementia associated with PD, psychiatric complications or presence of intracranial lesions on neuroimaging tests. The study received approval from the local ethics committee (Comité de Ética Asistencial do Policlínico Vigo, S.A.) and all patients gave written informed consent. The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice.
Patients
Patients had existing PD (Hoehn & Yahr score of I -IV) and were being treated with rotigotine monotherapy or rotigotine in combination with other anti-PD medication. Drug dosages were at the discretion of the treating physician. Patients with uncontrolled cardiovascular risk factors or previous psychiatric illness were excluded, as were PD patients not receiving rotigotine.
Outcome Parameters
Patients were assessed during routine clinic visits. Physicians questioned patients about the occurrence of any adverse events. Data were collected in a specific form that was integrated into the patient database, from which other clinical information was extracted. Application site reactions were considered to have occurred when the patient reported dermatitis, itching or erythema. Physician questioning was used to determine the occurrence of dizziness and syncope. Depression was assessed using the 4-item Geriatric Depression Scale, and the Scales for Outcomes in PD-Sleep Scale (SCOPA SLEEP) was used to assess nocturnal sleep and daytime sleepiness. Adverse events considered to be related to rotigotine treatment were recorded and are reported. Adverse events related to other treatments were also recorded but are not reported in this analysis.
To try and identify patient characteristics that might predict the occurrence of adverse events, patients with and without different adverse events were compared for age, dose of rotigotine, dose of levodopa, duration of PD, duration of treatment, and Hoehn & Yahr score.
Statistical Analysis
Descriptive statistics were used for all data (mean, standard deviation [SD], range). Unpaired Student t or Chi-square tests were used for bivariate comparisons of numerical or categorical variables. Paired Student t test or Wilcoxon signed rank test were used for continuous variables. All analyses were conducted using SPSS 15 software.
Results
One hundred fourteen patients were included into the study and were followed for 24 months. The mean age was 69.84 years. The Hoehn & Yahr score is described in table A. At baseline, 33 patients (28.94%) were receiving monotherapy with rotigotine, while the remainder were receiving combination treatment ( Table 1) . The mean rotigotine dosage was 8.77 mg/day. Carbidopa-levodopa was the most common combination treatment given with rotigotine, followed by rasagiline ( Table 1) .
Adverse Events
Adverse events by classification are presented in Table 2 . No patient experienced dyskinesia. Thirty-nine patients (34.21%) reported adverse events, twenty-three (20.17%) of whom had application site reactions. In these patients the rotigotine dosage was 6 -12 mg/day (mean 8.44 ± 1.94 mg/day).
Application site reactions led to discontinuation of rotigotine in fourteen patients (12.28%), while two patients were able to continue treatment when the rotigotine dosage was reduced (to 6 -8 mg/day). Comparing patient characteristics between those who experienced application site reactions with those who did not, the dose of levodopa wasn't have stadistical significance ( Table 3) . Sixteen patients (14.03%) presented a systemic adverse event ( Table 2) , sleep disorders were the most common problem. Treatment was discontinued in eleven patients (9.64%): as a result of hallucinations in three patients, depression in one patient and dizziness in one patient, syncope in two and impulsive control disorders in two. The dose of rotigotine was 4 -12 mg/day in patients who experienced any systemic adverse event, and 4 -8 mg/day in those with hallucinations. In patients with depression, dizziness, sleep disorders or syncope, the rotigotine dosage was 6, 8, 8 and 12 mg/day, respectively. Table 3) .
The frequency of adverse events was not significantly affected by the choice of concomitant anti-PD agent, with the exception of amantadine; the incidence of systemic adverse events was significantly lower in patients receiving rotigotine + amantadine versus rotigotine alone (p = 0.002). Further analysis revealed that the dosage of levodopa was significantly higher in amantadine recipients who did versus did not have a systemic adverse event (889.58 ± 397.29 mg/day vs. 428.13 ± 390.11 mg/day; p = 0.001 [Chi-squared test]). Rotigotine dosage was similar in these two patient groups (9 ± 3.77 vs. 8.70 ± 2.46 mg/day).
Discussion
In this group of patients with PD being treated in routine clinical practice, treatment-emergent adverse events were consistent with those expected for nonergoline dopamine receptor antagonists. The incidence of rotigotine-induced adverse events was 34.21%, with systemic side effects and application site reactions reported in 14.03% and 20.17% of patients, respectively.
Data from randomized, placebo-controlled trials confirm that transdermal rotigotine is generally well tolerated [9] - [14] , regardless of patient age or disease stage [15] . The most commonly reported rotigotine adverse events in patients with early PD were nausea, dizziness, somnolence, insomnia and vomiting [10] [11] . When used in combination with levodopa in patients with advanced PD, the most frequent dopaminergic adverse events in the three randomized, controlled clinical trials were nausea, dizziness and dyskinesia [9] [13] [14] . Dopaminergic adverse events during the use of rotigotine in routine clinical practice included hallucinations, depression, dizziness, syncope and sleep disorders. The frequency of these was comparatively low. For example, the incidence of dizziness in controlled trials was 14% -24% and 6% -19% in patients with early [10] [11] and advanced [9] [13] [14] PD, respectively, compared with 0.87% in the current study. Dyskinesia was not observed at all in our study; this was possibly attributable to the stable plasma levels of rotigotine.
In all randomized controlled trials, application site reactions were the most common non-dopaminergic adverse events in rotigotine recipients [9] - [14] . The incidence of application site reactions in a long-term open-label extension of two randomized controlled trials [12] [16] in early-stage PD was 11.7% [7] , which is slightly lower than the 20.17% reported in the current study. In the open label extension trial the median duration of rotigotine therapy was approximately 5 years 3 months (longer than the 24 months of follow-up in the current study) and the mean rotigotine dosage at the end of treatment was 7.2 mg/day. The rate of discontinuation due to application site reactions was lower in the extension study (3%) [7] , and in randomized controlled trials (1% -8%) [9] [11]- [14] [16] compared with this study (6.14%). In both the extension study [7] and the current analysis, the incidence of application site reactions was lower at higher rotigotine dosages. Overall, application site reactions were generally mild to moderate in severity and tend not to limit the use of transdermal rotigotine patches. Daily rotation of the application site is recommended [3] , and a topical anti-inflammatory cream can be used if necessary [17] . Two impulse control disorders were encountered in the current study, as it has been reported previously in small numbers of patients. A recent study was seen that ICD was significantly associated with the use of the nonergolinic oral DA (pramipexole and ropinirole) when compared with transdermal non-ergolinic DA (rotigotine) [4] [14] [18] [19] .
In other trials with rotigotine conducted in the clinical practice setting [20] [21], the incidence of application site reactions was lower than in the current study, at 2.2% -3.7% compared with 17.3%. Consistent with this study, dizziness was one of the most common systemic adverse events (at similar incidences of 1% -3.5%), and all events were usually of mild-to-moderate severity. In open-label trials of rotigotine, reported incidences of application site reactions ranged from 6% to 30% [22] - [25] , putting the 20.17% seen in the current study in about the middle of the range. The most commonly reported systemic adverse event in the open-label trials was nausea, with an incidence of 9% -15% [22] - [25] . The majority of adverse events were rated as mild-to-moderate.
A number of significant associations between different adverse events and patient factors or concomitant medications were identified in the present study, the Hoehn & Yahr score was sligty higher in patients with versus without a systemic adverse event, and the incidence of systemic adverse events was lower in patients receiving rotigotine + amantadine versus rotigotine alone. This is potentially explained by the anticholinergic effects of amantadine, which may help avoid systemic adverse events. In addition, the dosage of levodopa was higher in amantadine recipients who did versus did not experience a systemic adverse event. Although patient numbers were small and the standard deviations large, all these comparisons reached statistical significance. To our knowledge these relationships have not previously been described, and therefore deserve attention in future clinical trials.
This study has an observational design and therefore has all the limitations associated with uncontrolled trials. In particular, therapy decisions were made at the discretion of each treating physician and the ability to collect data was limited to that available in medical records and through discussion with patients, which was not necessarily undertaken by the same physician at each visit. The number of patients available at a single centre was quite small, and the patients and their management were relatively heterogeneous. However, data on the use of medications in routine clinical practice provide important information to add to results generated under the stringent conditions of randomized controlled clinical trials.
Conclusion
The efficacy and tolerability of transdermal rotigotine therapy have been well established in a variety of controlled clinical trials and observational studies. The current findings extend data on the safety and tolerability of rotigotine to routine clinical practice.
